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ABSTRACT 
Many information visualization designers reason that since we live in a 
3D world, we should be able to convey more information in displays that 
take full advantage of all three spatial dimensions, rather than restricting 
ourselves to just two (Wise, 1999). To this day there has been little 
empirical evidence whether a potential information increase afforded by 
adding an additional (third) display dimension outweighs the potential 
increased costs (i.e., cognitive, perceptual, and technological) caused by 
more resource-demanding 3D displays (Westerman et al., 2005; Tory et 
al. 2007). 
 
We believe that adding the third dimension will actually detract 
somewhat from people’s ability to see similarity relationships in 
spatialized displays.  This is because people map document similarity 
onto interpoint distance, as we have shown in prior work (Montello et al., 
2003), and because the third dimension of depth is perceived so 
differently than the “fronto-parallel” dimensions of width and height. The 
fronto-parallel orientation occurs when comparison points all lie within a 
plane fronto-parallel (normal) to the line of sight; in this orientation, 
proximal distances (on the retina as well as on the monitor screen) 
between pairs of points are maximized.  In order to see distance most 
clearly, we hypothesize that participants would rotate the 3D displays 
until all three comparison points were brought into the fronto-parallel 
plane.   
 
We report on two experiments on 3D spatializations where we replicate 
the x- and y-coordinates from 16 2D point displays used in one of our 
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earlier studies of point-display spatializations (Montello et al., 2003).  We 
added depth to each point (not just the three comparison points) by 
assigning it a randomly generated z-coordinate.  When the 16 displays 
were rotated to the fronto-parallel orientation they would systematically 
vary the effects of different visual metaphors on judgments of similarity: 
(1) straight-line distance, (2) emergent clustering of points, and (3) the 
number of intervening linear points between documents. Importantly, we 
randomized the initial orientation of each cloud upon first being viewed 
by participants so that it was not in the fronto-parallel (FP) orientation.  
Participants had to rotate the clouds to get them into this FP orientation. 
The two experiments were identical in procedures, except that for 
Experiment 2 participants were given explicit instructions to rotate the 
displays to the fronto-parallel orientation before rating similarity. 
 
Results from both experiments suggest that similarity was related to 
interpoint distance much as in our earlier 2D study, except that variances 
among participants were greater.  When the distance A:1 equaled that of 
A:2, pairwise similarity judgments did not significantly differ from 
neutral.  When the distances A:1 and A:2 differed, and no emergent 
cluster or linear features were present, pairwise similarity tended to be 
greater for the closer pair. Emergent cluster effects were evident in these 
data, although they appeared to emerge less strongly than in our earlier 
2D study. Finally, in contrast to our earlier 2D study, emergent linear 
features had no effect in the present study. Analyzing user interaction 
data for Experiment 1 (i.e., participants’ mouse movements when rotating 
the point clouds) we find that on average participants (N = 35) spent only 
20% of their response time looking at an FP orientation, and only 24% of 
the participants had the display in FP orientation when responding.   
 
In Experiment 2 participants (N = 26) were specifically told to find the 
fronto-parallel orientation before responding.  The mouse interaction 
analysis reveals they at least tried to follow our instructions, as on 
average they spent twice as long (42 %) of their response time overall 
looking at FP orientations, and 70% of the participants were looking an 
FP orientation while responding.  Interestingly, there were no significant 
differences in participants’ similarity ratings between the two 3D 
experiments.  
Our two experiments of 3D point-display spatializations support the 
conclusion that like 2D point displays, viewers map judgments of 
document similarity onto interpoint distances, as long as there are no 
emergent features visible.  However, variation among participants in their 
similarity judgments was noticeably larger in these 3D studies than in the 
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earlier 2D studies.  This is probably because any variation in the degree to 
which participants rotated the displays into the fronto-parallel plane 
would lead to variation in the apparent distances between points A:1 and 
A:2.  
 
Emergent feature effects, whereby document points belonging to a 
common aggregation of points are seen to be more similar than distance 
would predict, can occur in 3D spatializations, as in 2D, but they do not 
emerge as consistently.  This is again probably because we designed our 
3D displays by adding a random z-coordinate to each point in the 2D 
displays, and emergent features, especially linear features, do not emerge 
clearly or at all unless displays are rotated to the fronto-parallel plane or 
nearly so. While in Experiment 1 participants came close to 80% of the 
optimal FP orientation, they increased FP orientation accuracy to 90% in 
Experiment 2.   
 
Our results lead us to conclude that a potential information increase 
afforded by adding an additional (third) display dimension does not 
outweigh the increased perceptual costs caused by more resource-
demanding 3D displays. 
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